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TABLE 8.5 - Technical and Economic Data - Enhanced Oil Recover 


by Carbon Dioxide Floodin 


Annual Energy Input 
for CO, Separation 
and Compression 


Net Incremental Fixed Variable 
Production O8M Cost | O8M Cos 


$/bbl $/bbl $/bbl 


11-16 11-16 





ASSessors 


Italy:- Tosato, G., Ente Nazionale Idrocarburi, Piazzale Enrico 


Mattei 1, Rome 


Norway:- Ormhaug, T., Institute for Energy Technology, N-20C? 


Kjeller, Norway 


Systems Description 


The enhanced oil recovery method, described by the Norwegian 
project participant, uses simultaneous injection of CO, in 
the lower half and water in the upper half of the oil reser- 
voir. The injection period lasts 1000 days and is followed 
by a 700 days period of chase water injection into the reser- 
voir. Figure 8.12 shows the rate of oil recovered from the 
reservoir as a function of time. 


Note that during the first two years of CO, injection, no 


2 
oil is recovered. 








Simultaneous (0, 


w 
O 


op 
O 


N 
mm 


Cumulative Production (Million-Tonnes ) 


Figure 8.12: Oil Recovery re 


Annual Ener Input for 


Norway - CO, will be in 
the 6 year production p 
ment during this period 
recovered. However, al 


(3.5 tonnes per tonne Q 


Italy - The volume of C 


of oil ranges from 10- 
Variable Operating and 


The variable O&M cost q 


can be split as follows 


CO, requirements 
Financial cost: taxes 
royalti 


windfa 
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and Water, then Chase Water 
450% 
440% 
430% 
5 120% 
o 41094 
2 
10 
L 
1000 2000 


Time- Days 


sulting from a CO, Injection Strategy 


_C07 Separation and Compression 





jected only in the first 3 years of 

eriod. The calculated co, require- 
is l.l tonne per tonne of oil 

SO a considerably higher co, demand 


f oil recovered) seems possible. 


O, injected for the recovery of l bbl 


3 Mcf/bbl. 


Maintenance Cost 





riven in the Italian characterization 


12-16 $/bbl 

2-3 $/bbl 

es 4 $/bbl 
1 profits 3 $/bbl 
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8.5 Enhanced Oil Recovery with Micellar Flooding 

















of 


reservoir. 








The micellar flooding is a miscible process in the liquid phase. The 
use of surfactants (2-8%) formed by a hydrophilic nucleus and an 
oleophilictail, allows the formation of a stable microemulsion 


of water and oil. This microemulsion is miscible in all ratios 


both the crude and the water trapped in the pores of the 


While laboratory studies and core floods show high recoveries, 


If thickened water is injected downstream afterwards 
all the oil bank can be displaced and recovered. 


field test results have performed more poorly than expected - 


the ratio of chemicals injected to oil recovered has been higher 
than initially assumed. 


Assessor 
























Tosato, G., Ente Nazionale Idrocarburi 


Rome, Italy 





(1) 






, Piazzale Enrico Mattei l, 





The Italian characterization summarizes the data of an 


enhanced oil recovery project in Illinois (U.S.A.). 
project area of 35 ha, 13 wells are planned for the oil re- 
covery from a field with an average depth of 880 m. 


process of enhanced recovery by micellar flooding is 


On a 


The 


the most recent and least proven of the enhanced oil 


recovery techniques. 









conditions. 


slugs and flooding systens; 


- examine the feasibility of extending the process to more 


TABLE 8.6 - Technical and Economic Data - Enhanced Oil Recovery 


The field tests are being conducted to develop a better understanding 


of the behaviour of the complex surfactant systems under reservoir 
In particular to: 


- test the effectiveness of alternative surfactant and micellar 


viscous oil, lower-permeability formations, higher tempera- 


O | 
tures (90 C) and higher salinity content (>50,000 ppm). 












by Micellar 


Flooding 































Net Incremental 
Production 


Total Project 


Cost 


Annualized 
Capital Cost 


Fixed 
O&M Cost 


Variable 
O&M Cost 





% of remaining 
oil in place 


$/bbl 


$/bbl 


$/bbl 








30-43 














979 





23-26 















(2) 













The micellar solution which is injected into the oil field 


contains (per barrel of incremental oil) 


1.5 ib polymer 

0.5 bbl surfactant, of which 
9 lb sulfurates 
2 lb alcohol 

35 lb oil 


Variable Operating and Maintenance Cost 





The variable O&! cost can be split as follows: 


Surfactant/polymer 

Financial cost: taxes 
royalties 
windfall profit 


12-15 $/bbl 
4 $/bbl 
E $/bbl 
3 $/bbl 
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8.6 Enhanced Oil Recovery with Modified (Thickened) Water Flooding 






















The overall oil recovery, E, that can be obtained through water 


R 
injection is principally controlled by two factors: 


























e 
14 Interfacial tension, between water and oil in the reservoir, 


which is rather high (0.02 to 0.04 N/m). AS a consequence, 


















the microscopic displacement efficiency, E, is generally not 


very high. 






2. Oil viscosity, in the case of heavy crudes, may be many 







times higher than that of water. The result is that the 












mobility ratio, N, between water and oil, is, in the case of 


heavy crudes, also very high with a low areal sweep efficiency 






E, (figure 8.12) and a low contact factor, E 


A E 





















In the attempt to improve oil recovery, experiments have been 


carried out, mainly on a pilot scale, of modified water floods. 


| e (a) e: 
P 
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Mz 1.1 Ms 4.6 
E,” 72 % E,” 47 % 
1 = Injection wells 2= Production welle 













Figure 8.13: Five spot pattern. Influence of the water/oil 





wobility ratio on the areal sweep efficiency, En 
Some of them increase the viscosity of the injected water by 
adding poiymers containing a long linear chain, along which 


there are polar groups (partially hydrolyzed polyacrilamides, 





ethylene oxide polymers, biologically hydrolized polysaccharides) 


Aqueous solutions of these polymers have a non-newtonian behaviou 
that is, their apparent viscosity depends on the shear rate. In 
very small capillaries - like the pores of the reservoir rock - 
the viscosity of these solutions becomes (even in ‚nlymer concen- 
trations of some hundred ppm) many times higher than that of 
water. Therefore, it is possible to create slugs of thickened wat 
having a lower mobility than that of the oil to be swept. This 
thickened water, followed by normal water, enables areal sweep 
efficiencies and contact factors to be obtained that are much 


higher than those for water injection alone. 


The main problem which arises is the effect of high salinity 
formation waters. In the presence of a fluid having a high 

ionic concentration, the molecules of the polymer tend to form 
"balls", because of the neutralization of their polar groups. 
This results in a rheological behaviour (and an apparent viscosit 


of the thickened water) that soon approaches that of pure water. 


Two questions are addressed by pilot tests: 


- does the effectiveness of polymers currently available in 
the market, survive the many months and years of contact 
in the subsurface with reservoir rock, fluids and 


reservoir ambience? 


- is the target for polymer flooding as large as postulated 
e.g. is the sweep of reservoirs with slightly unfavorable 
mobility ratios as poor as predicted by theoretical and 


model analyses? 























er, 


N 
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REIHE ANGEWANDTE SYSTEMANALYSE 


DER PROGRAMMGRUPPE SYSTEMFORSCHUNG UND TECHNOLOGISCHE ENTWICKLUNG 
KERNFORSCHUNGSANLAGE JULICH GMBH - KFA/STE 


REIHE ANGEWANDTE SYSTEMANALYSE REIHE ANGEWANDTE SYSTEMANALYSE 






TABLE 8.7 - Technical and Economic Data - Enhanced Oil Recovery 
by Modified Water Flooding 
















Nr. 8 Kolb, G. (Redaktion) 


gemeinsam mit KFA/IRE, KFA/PTH, HRB, GHT 

Studie über die Wirtschaftlichkeit der Stromerzeugung 
mit Hochtemperatur-Reaktoren, 

Jül-1527, Aug. 1978 


Nr. 17: Orth, D. 
Niedertemperatur-Wärmeversorgung unter besonderer 


Berücksichtigung ausgewählter neuer Technologien, 
Jul-Spez-65, Dez. 1979 




























mendi 


Net Incremental | Total Project Annualized Fixed Variablel 
Production Cost Capital Cost | O&M Cost | O&M Cost 





Nr. l: Schmitz, K., Niehaus, éd. Rath-Nagel, St., Voß, A. 
Die Entwicklungsnóglichkeiten der Energiewirtschaft in 
der Bundesrepublik Deutschland - Untersuchung mit Hilfe 
eines dynamischen Simulationsmodells, 

Jül-Spez-1, Bd. I, Nov. 1977 


Country 




















Nr. 18: Manthey, Ch. (editor) 
Energy Technology Data Handbook - Conversion 
Technologies, 
Jül-5pez-70, Vol. I, Jan. 1980 















Nr. 9: Meli8, M. 
Móglichkeiten und Grenzen der Sonnenenergienutzung in 
der Bundesrepublik Deutschland mit Hilfe von Nieder- 
temperaturkollektoren - Grundlagen, Technische Systeme, 
Wirtschaftlichkeit; 

Jül-Spez-25, Dez. 1978 





h % of remaining 6 
it | dinde 10°g St) $/obl | $/bbl 





















Schmitz, K., et al. 

Die Entwicklungsmöglichkeiten der Energiewirtschaft in 
der Bundesrepublik Deutschland - Untersuchung mit Hilfe 
eines dynamischen Simulationsmodells, 

Jäl-Spez-1, Bd. II, Nov. 1977 



























Nr. 19: Manthey, Ch., Tosato, G.C. 
Energy Technology Data Handbook - End Use Technologies. 
Insulation, Space- and Water Heating Systems, 
Jül-Spez-70, Vol. II, Okt. 1980 























Nr. 10: Wagner, H.J. 
Der Energieaufwand zum Bau und Betrieb ausgewählter 


Energieversorgungstechnologien - eine nettoenergetische 
Analyse, 


Júl-1561, Dez. 1978 



















Assessor 
























Nr. 2: Bohn, Th., Eich, P., Hansen, U., Jehle, B. 
Künftige Stromgestehungskosten von Großkraftwerken, 
Jül-Spez-2, Nov. 1977 


Hildebrandt, T. 

Die nächsten 50 Jahre, 

Analyse und Szenarium der wirtschaftlichen Evolution, 
Jül-Spez-8l, Juni 1980 

















Tosato, G., Ente Nazionale Idrocarburi, Piazzale Enrico Mattei 1, 
















Rome, Italy 




















Nr. ll: Bartholdi, J. 
Einführung der Nuklearen Fernenergie - umweltbe eutsane 


Konsequenzen und deren Bewertung, 
Jül-1573, Jan. 1979 










Nr. 3: Wibbe, H.-B. 
Probleme der kurzfristigen Markteinführung eines 
nuklearen Fernenergiesystems - eine Betrachtung aus 
Abnehmersicht für einen räumlich begrenzten Markt, 
Jül-1486, Feb. 1978 
























Nr. 21: Finnis, M.W. 
Phase II - Final Report of MARKAL Studies for the 
United Kingdom, 
Jül-Spez-92, Okt. 1980 












The characterized modified water flooding technique is also 






















Nr. 12: Egberts, G. 
Kostenoptimale Entwicklungsperspektiven des Raum- 


heizungssektors im Energiesystem der Bundesrepublik 
Deutschland, 


Júl-Spez-41, Juni 1979 


known as polymer flooding. The given data are valid for a 













project that is carried out by Kewanee Oil O.on the Stanley 






Nr. 4 


Jehle, B. 

Einsatzmóglichkeiten und Einsatzbeispiele der Kern- 
energie in NRW unter besonderer Berücksichtigung ihres 
Beitrags zur Strukturverbesserung, 

Júl-Spez-11, Juni 1978 


Nr. 22: Scharff, E., Walbeck, M. (Federführung) 

UE Planstudie: Halboffene Fernenergieversorgung, insbesondere 
für den Raum Frankfurt a.M. mit Heißwasser-Fernwärmeversor- 
gung für den Raum Köln, 

JUL-Spez-95, Dez. 1980 












Stringer Field in Oklahoma (U.S.A.). The project area is 
16 ha and the oil field depth averages to 880 m. 














Nr. 13: Düring, K. 
Transport- und Verteilungskosten konventioneller 


Systeme zur Wärmeversorgung der Bundesrepublik 
Deutschland, 


Jül-Spez-57, Okt. 1979 





(2) Annualized Capital Cost 













































Nr. 5: Hensel, W. 

Beitrag zur Standardisierung der Standortbestimmung von 
Kernkraftwerken, 
Jül-Spez-12, Juni 1978 


Nr. 23: Costa, J.O., Gil Sordo, V., Blasco, M., Jara, A. 

ne Energy Scenarios and Implementation of New Technologies 
for Spain, 

JUL-Spez- 110. April 1981 






















If polymer flooding is considered as a supplement to water 





flooding, no incremental investments are required. Other- 





wise, the additional annualized capital cost will be 3-7 
%/bbl. 










Nr. 14: Leimkihler, K. 

Metallische Rohstoffe - Rezyklierung - Energieeinsatz. 
Untersuchung mit Hilfe eines Simulationsmodells, 
Jül-Spez-44, Juli 1979 
















Nr. 6: v. Lojewski, D. 

Wärme-, Strom- und Synthesegasversorgung von Ballungs- 
räumen durch Fernenergie - aufgezeigt am Großraum Köln, 
Jül-1516, Juni 1978 


Nr. 24: Jaek, W. 
Mögliche Entwicklung des weltweiten Ausbaus der Kernenergie 
unter Berücksichtigung wirtschaftlicher, gesellschaftlicher 
und politischer Aspekte, 
JUL-Spez- 118, Juli 1981 















(3) 3 to 5 1b polyacrilamides are injected for the recovery of 


l bbl incremental oil. 








Nr. 15: Lenhardt, W., Schwefel, H.P., Sievert, D., et al. 
Ein Energieversorgungsmodell zur Langfristprognose der 
Umwandlungskapazitäten, 
Jül-Spez-63, Dez. 1979 








Lenhardt, W. 
Entwicklung des Strombedarfs in der Bundesrepublik 
Deutschland und alternative Möglichkeiten seiner 
Deckung, 

Jül-Spez-18, Juli 1978 






Schmitz, J. 


Abschätzung des energiesparenden Innovationspotentials der 
Industrie Steine und Erden, 
JUL-1729, Aug. 1981 

























(4) The variable O&M cost can be split as follows: 


















Polymer 9-13 $/bbl 
i | M Nr. 16: Kollmann, H. 
Financial cost: taxes 3 $/bbl Die räumliche Wärmebedarfsverteilung der Haushalte und 
royalties 4 $/bbl Kleinverbraucher in der Bundesrepublik Deutschland, 


windfall profit 3 $/bbl Jül-Spez-64, Dez. 1979 


Reine ANGEWANDTE SYSTEMANALYSE 


Bansal, N.K., Uhlemann, R., Boettcher, A. | 
Plastic Solar Air Heaters of a Novel Design - Testing and 


Performance, 
JUL-1783, April 1982 


Höpfinger, E., Drepper, F., Heckler, R., Schwefel, H.P. 
unter Mitarbeit von Hermes, U., Horst, H. 

Die Entwicklungsmöglichkeiten der Energiewirtschaft in der 
Bundesrepublik Deutschland - Untersuchungen mit Hilfe eines 
zielgefiihrten dynamischen Simulationsmodells, 

JUL-Spez-166, Juli 1982 


Grüter, J.W., Wolff, M. 

Die Energieversorgung der Gemeinde Seedorf im Landkreis 
Liichow-Dannenberg, Niedersachsen - Eine Endenergieanalyse 
JUL-Spez-170, August 1982 


Huber, W., Allhorn, H., Birnbaum, U. 

" Emissionen von Kohlenutzungsanlagen und mögliche Minderungs- 
maBnahmen, 

JUL-1815, Nov. 1982 


Müller, M., Maher, K.J., with contributions of Rath-Nagel,St. 


Tosato, G.C. 

Summary Report on Technology Characterizations, 
International Energy Agency: Energy Technology Systems 
Analysis Project, 

JUL-Spez-185, Dez. 1982 
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